; 95% confidence interval [CI] : 0.53, 1.57) and abdominal fat (461 g; 95% CI: 228, 694) than uninjured controls. In multivariable linear regression analysis, previous injury was significantly associated with increased FMI. This increase was attenuated in those who participated in higher levels of physical activity or had higher estimated maximum volume of oxygen.
T t CONCLUSION:
As a risk factor for osteoarthritis in an already susceptible group, excess adiposity is an undesirable trait in the potential pathway to joint disease. Increasing physical activity in this population may be a potential intervention to reduce adiposity thus impede disease initiation and/or progression.
T t LEVEL OF EVIDENCE: Level 2b. J Orthop
Sports Phys Ther 2017;47 (2) T raumatic intra-articular knee injury sustained by youths during sport participation can result in adverse long-term consequences over an individual's lifetime. The knee joint, in particular, is one of the most frequently injured joints in youth sport and recreation. 6 Knee joint injury can lead to long-term health consequences that pose a significant health burden. Individuals with knee joint injury may show adverse changes in structural, 5 physiological, 27 symptomatic, 20, 31 functional, 31 and behavioral 28 outcomes, and have a 4-fold 25 to 10-fold 26 increased risk of developing posttraumatic osteoarthritis (OA) in the affected joint compared to those without injury.
Increased total fat mass (FM) during childhood and adolescence is deemed a prominent risk factor for obesity, heart disease, and various comorbidities in adulthood. 24 The transition from adolescence to young adulthood is viewed as a particularly critical time for changes in health behaviors, with trends of declining health and increasing rates and degrees of obesity typically observed.
14 Coupled with typical maturation trends, sustaining an injury during youth can lead to inactivity and increases in adiposity that surpass the fat gain associated with normal growth. In addition, OA is considered to be primarily modified by the presence of obesity. A high index of adiposity can influence the development of knee OA through both mechanical (increased joint load) and systemic (metabolic triggered inflammation) factors. 30 Having a in the functional testing required for the study (eg, neurological conditions). This study includes analyses of outcome measures of 100 matched pairs collected during year 1 (June 2013 to April 2015) of the cohort study. Ethics approval was granted from the Conjoint Health Research Ethics Board at the University of Calgary, Canada, and all participants provided signed informed consent/assent.
Procedures
All data were collected in a scheduled testing session at the University of Calgary. Participants completed a study questionnaire that gathered demographic details, health care utilization, and medical and injury history, in addition to a Physical Activity Readiness Questionnaire and numeric pain-rating scale (NPRS) prior to testing. The NPRS was repeated following the shuttle run test. Heart rate and blood pressure measurements were administered by a certified exercise physiologist prior to undertaking exercise. Body Composition A Hologic Discovery (Hologic, Inc, Marlborough, MA) dualenergy X-ray absorptiometry (DXA) scanner with Discovery QDR software was used to capture whole-body composition scans. Daily calibration of the scanner employed a phantom spine containing composites of bone, fat, and lean tissue. Participants were positioned in supine on the scanner bed, according to the manufacturer's recommendations, and instructed to remain as still as possible for the duration of the scan. All procedures were consistent with the official positions of the International Society for Clinical Densitometry. 13 Adiposity outcomes of interest from the DXA scan included total FM in kilograms, percent FM, and fat mass index (FMI) relative to stature squared (kilograms per square meter). An additional custom region was created as a surrogate measure of abdominal visceral fat, defined as the region enclosed by a rectangle drawn around the L1-L4 vertebrae and surrounding soft tissue. Using the L1-L4 region has previously been shown to be an accurate method to estiture health of the population and the sustainability of the health care system. To date, few studies have evaluated the long-term health outcomes of sport injury in youths and health events in the period between joint injury and disease onset. The aim of the present study was to examine differences in adiposity, physical activity, and cardiorespiratory fitness between youths with a history of sportrelated intra-articular knee injury and noninjured controls. A secondary aim was to examine the association between injury history and adiposity, and to explore the influence of energy expenditure (physical activity and fitness) in this relationship. Participants with a history of intra-articular knee injury were hypothesized to have higher levels of adiposity and lower physical activity participation than noninjured controls.
METHODS

Participants
The present study conducted a crosssectional analysis of first-year data from a longitudinal historical cohort study. Participants were recruited as part of The Alberta Youth Prevention of Early Osteoarthritis Study, carried out at the Sport Injury Prevention Research Centre at the University of Calgary. One hundred youths and young adults who had sustained an intra-articular knee injury while participating in sport, who at the time of injury were under 18 years of age, were recruited. Each participant was matched by age, sex, and sport at the time of injury with a control who had not sustained a knee injury (n = 100). Recruitment procedures and definition of injury have been described in detail previously. 31 Exclusion criteria for all participants included pregnancy, nonsteroidal anti-inflammatory use or cortisone injection within 3 months prior to testing, a musculoskeletal injury within the previous 3 months prior to testing that resulted in time lost (from work, school, or sport), diagnosis of other arthritides, or any current medical problem that prevented participation previous history of traumatic joint injury combined with the presence of obesity may compound the risk of OA disease development and progression. Thus, it is imperative to identify potential modifiable risk factors for the development and progression of OA (ie, physical activity, lifestyle, and diet) in this population, to reduce the personal and societal burden associated with these sequelae of events.
Injuries can counter the beneficial effects of sports participation at a young age if a child or adolescent is unable to continue to participate or reduces the level of participation due to the residual effects of injury. 21 Ardern et al 2 reported that only 63% of sports competitors return to preinjury level of participation by 42 months after anterior cruciate ligament (ACL) reconstruction surgery. Pain, functional limitations, or psychosocial factors, including fear of reinjury, are all reasons for a decrease in activity levels, which can have long-term health and lifestyle consequences. 8, 23, 28 A sudden deficit in physical activity from an acute injury in youth may initiate a period of disengagement, leading to sedentary lifestyle habits, diminished cardiorespiratory fitness, and increased adiposity during adolescence. 2 During this particularly vulnerable time for development of obesity, 17 adolescents who cease sport participation will be at a higher risk of developing metabolic syndrome, cardiovascular disease, and a sedentary lifestyle as adults. In addition, once sport participation is reduced or discontinued, many athletes fail to reduce energy intake accordingly and thus gain body fat. 18 No studies have investigated differences in activity behaviors in this population as they relate to changes in body weight and, more importantly, fat mass.
To design appropriate intervention strategies in this high-risk group, it is necessary to clarify the association between knee injury history and indicators of obesity and inactivity. Shifting the focus from disease management to injury and chronic disease prevention will not only help to identify which early lifestyle factors to target but also benefit the fu- 16 The conditional OR analysis to assess the odds of having a below-average estimated VO 2 max between injured and uninjured pairs was adjusted for the change in NPRS following the shuttle run. Further, multivariable regression analysis (clustered on matched pair) was undertaken to determine the association between injury history and FMI, and to assess whether physical activity or aerobic fitness may influence this relationship. This model considered 2 covariates, injury-free time and sex, in a backward-elimination approach. Injury-free time, defined as the time between injury occurrence and data collection 3 to 10 years later, was considered due to the potential worsening of meniscal structural damage over time in the pathway to posttraumatic OA. For the control participants, injury-free time was the same as that of the matched experimental participants. Aerobic fitness was centered on the lowest present value to allow for interpretation of the results. All assumptions of the regression were assessed and met.
RESULTS
B
aseline characteristics for all 200 participants (100 matched pairs) are presented in For the injured group, the median (range) age of injury was 16 (9-18) years and the median time between injury and follow-up was 6.9 years. In total, 54% of the injured participants sustained a thirddegree ACL sprain, all of whom underwent surgical repair. Of these, 36 (66.7%) also had an associated meniscal lesion. A further 15% of the total injured particiing Stata Version 13.1 (StataCorp LP, College Station, TX). Data were tested for normality of matched-pair differences (Shapiro-Wilk test, α = .05). In the case of missing data, the participant and his or her matched pair were removed from the specific analyses. Descriptive statistics (mean difference and 95% confidence interval [CI]) of within-pair differences between injured and uninjured participants for all outcomes were calculated. McNemar's test was used to analyze paired nominal data for the sport participation variable. Conditional (matched design) logistic regression (odds ratio [OR] and 95% CI) was used to assess the odds of having high adiposity between study groups (injured and uninjured), adjusted for time spent in total physical activity. Specifically, BMI was dichotomized as either healthy weight or overweight/ obese. For participants under 20 years of age, BMI was converted into age-and sex-specific percentiles using US growth charts, then categorized according to cutoffs (healthy, 5th to less than 85th percentile; overweight, 85th to less than 95th percentile; obese, 95th percentile or higher). 4 For older (20 years of age or older) participants, BMI categories were defined as normal (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), or obese (30.0 kg/m 2 or higher). Due to a lack of validated standardized cutoffs based on markers of health, all other adiposity outcomes (waist-height ratio, percent FM, FMI, abdominal fat) were dichotomized based on the upper quartile (75th percentile or higher) versus the lower quartiles of adiposity (less than 75th percentile). Dichotomization of the total GLTEQ score was based on the lower quartile (25th percentile or less) versus the higher quartiles. Additionally, physical activity was dichotomized based on the GLTEQ cutoff for insufficient activity (GLTEQ score, 23 units or less).
1 Aerobic fitness was dichotomized based on the lower quartile and cutoffs for a belowaverage or "fair" rating, using normative VO 2 max values in males (less than 42 mate abdominal obesity compared with computed tomography. 9 In addition, anthropometric measurements of participants' height (to the nearest 0.1 cm; shoes removed) and body mass (to the nearest 0.1 kg) were assessed using a medical scale and stadiometer (model 402KL; Pelstar, LLC, McCook, IL). Body mass index (BMI) was estimated as body mass divided by height squared (kg/m 2 ). Waist circumference was measured in centimeters, using a measuring tape at the narrowest waist site, and divided by height to calculate waist-height ratio.
Physical Activity and Aerobic Fitness Physical activity participation was self-reported using the Godin LeisureTime Exercise Questionnaire (GLTEQ). This tool is a valid and reliable measure of mild, moderate, and strenuous physical activity over a typical 7-day period. 10 Weekly frequencies of activity are multiplied by corresponding metabolic equivalent values and summed to derive the weekly leisure-time activity score [(9 × strenuous) + (5 × moderate) + (3 × mild)]. In addition, participants provided a yes/no answer to the question, "Based on the past year (12 months), have you participated in any sports?" Aerobic fitness (maximum volume of oxygen [VO 2 max]) was estimated from the multistage 20-meter shuttle run test. 19 This method has been shown to be valid and to have excellent test-retest reliability in both youth (r = 0.89) and adult (r = 0.95) populations. 19 Participants ran back and forth over a 20-m distance to audio signals from an iPad application (Beep Test Trainer; Fast Software Pty Ltd, Wavell Heights, Australia), beginning at a speed of 8.5 km/h and increasing every minute by 0.5 km/h. The test ended when the participant failed to reach the 20-m lines concurrently with the audio signals on 2 consecutive occasions. Maximum volume of oxygen was predicted from the running speed on the last stage, as per Green et al.
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Statistical Analysis
Statistical analyses were performed us- 
Body Composition
The within-pair differences for body composition outcome measures between study groups are presented in TABLE 2. For all measures of body composition, with the exception of waist-height ratio, previously injured participants had significantly higher values of adiposity. Injured participants had higher BMI (withinpants had an isolated meniscal injury, of whom 7 (46.7%) underwent arthroscopic surgery. Thirteen percent of injured participants had other ligament injuries (eg, first-to third-degree medial collateral ligament and lateral collateral ligament sprain or first-to second-degree ACL or posterior collateral ligament sprain). One participant sustained a fracture, and the remaining 17% fell into the "other" category, which consisted of patellar dislocations and subluxations. All 200 participants had their body composition measured by DXA and completed the physical activity questionnaires. Four matched pairs were removed from the aerobic fitness analysis due to incompletion of the 20-meter shuttle run test; 2 participants refused participation, 1 participant was deemed ineligible based on the Physical Activity Readiness Questionnaire, and 1 participant had an elevated blood pressure reading prior to the assessment. [ research report ] tered by matched pair) was used to examine the association between injury history and adiposity, exploring any potential influence of physical activity, sex, or injury-free time. A significant effect from injury history, moderate to strenuous physical activity, and sex on FMI was observed in the model. The previously injured participants had a 1.02-kg/m 2 (95% CI: 0.5, 1.5) higher FMI than uninjured participants, females had a 2.16-kg/m 2 (95% CI: 1.6, 2.7) higher FMI than males, and for every 1-minute increase of moderate to strenuous physical activity, FMI was -0.009 kg/m 2 (95% CI: -0.01, -0.003) lower. Due to a significant association between physical activity and estimated VO 2 max (P = .02), a separate model was used to determine whether aerobic fitness modifies the relationship between injury history and FMI. In this model, the previously injured participants had a 0.63-kg/m 2 (95% CI: 0.2, 1.1) higher FMI than uninjured participants, females had a 0.82-kg/m 2 (95% CI: 0.3, 1.3) higher FMI than males, and for every unit increase in estimated VO-2 max, the FMI was -0.16 kg/m 2 (95% CI: -0.2, -0.1) lower. Injury-free time was not observed to have a significant effect on the relationship between injury history and FMI in either model. different from 87% in the injured group (McNemar's χ 2 = 5.40, P = .035). Based on conditional logistic regression, the odds of being in the lowest quartile for physical activity for previously injured participants were 2.1 times (95% CI: 1.1, 4.0) higher than those for uninjured participants. When physical activity was dichotomized based on the GLTEQ score for insufficiently active, no significant association was found (OR = 1.8; 95% CI: 0.7, 5.0).
Aerobic Fitness
Previously injured participants scored lower on the 20-meter shuttle run test and had significantly lower estimated VO 2 max scores than uninjured controls (TABLE 3). The odds of being in the lowest quartile for estimated VO 2 max for previously injured participants were 2 times (95% CI: 1.0, 4.0) higher than those for uninjured participants. The odds of being rated as below average or "fair" for estimated VO 2 max for previously injured participants were 2.1 times (95% CI: 1.1, 3.9) higher than those for uninjured participants. This association was not influenced by the change in NPRS from before to after the multistage 20-meter shuttle run test (P = .931).
Multivariable Linear Regression Analysis
Multivariable linear regression (clusing for GLTEQ score, the odds of being classified as overweight or obese by BMI for participants with a history of knee injury were 2.4 times (95% CI: 1.2, 4.6) the odds for uninjured participants. A sensitivity analysis using adult classification for all participants did not alter these conclusions. The odds of being above the upper quartile of FMI for injured participants were 3.4 times (95% CI: 1.4, 8.1) higher, the odds of being above the upper quartile of percent FM were 3.8 times (95% CI: 1.5, 9.8) higher, and the odds of being above the upper quartile for total abdominal fat were 4.6 times (95% CI: 1.8, 11.5) higher than those in the uninjured participants.
Physical Activity and Sport Participation
Injured participants reported slightly shorter duration spent in weekly total physical activity; however, no statistical difference was found between groups (within-pair difference, -6.4 minutes; 95% CI: -28.9, 16.2). Similarly, there was no difference between groups when activity was divided by intensity into mild, moderate, and strenuous physical activity (TABLE 3) . In total, 96% of the uninjured group reported participation in some form of organized sport in the previous year, which was found to be statistically Although previously injured participants reported slightly less weekly physical activity, no significant differences between matched pairs were highlighted. The difficulty in delineating the relationship between activity and injury group may be partly due to the subjective nature of the methods employed to assess physical activity levels. However, the injured group was deemed to be twice as likely to be in the lowest quartile of physical activity compared to controls. To include a more clinically meaningful threshold, these data were also analyzed using dichotomies based on the Godin cutoff for insufficient activity. Although the point estimate was 1.8 and consistent with the previous finding, 95% CIs showed no statistical significance. This shows that previously injured young adults are likely sufficiently active, despite being at greater odds of being in the lowest quartile of physical activity compared to their uninjured peers. This distinction is likely explained by the reduced sport participation rates, with 96% of individuals in the uninjured group reporting participation in sport in some form in the previous year, compared to only 87% in the injured group. These results are comparable to the outcome of a systematic review by Ardern et al, 2 who determined from 48 studies (n = 5770) that 82% of athletes who had undergone ACL reconstruction returned to some kind of sport participation after a mean of 41.5 months. Of interest, only 63% had returned to their preinjury level of participation. This reinforces the view that greater emphasis should be placed on return to sport and physical activity as a successful marker of appropriate rehabilitation postinjury. In addition, previously injured athletes are known to retire at an earlier age compared to athletes without ACL injuries. 23 Reduced physical activity participation likely negatively influences cardioease. 15 In addition, the highly metabolic and inflammatory environment of adiposity is now seen to be a key contributor to the development of knee OA, due to the presence of adipocytokines, proinflammatory cytokines, and disordered glucose and lipid metabolism, disrupting cartilage homeostasis through induced joint structural degradation. 30 Taking this into consideration, results from the present study would suggest that these youths with 1 major etiological risk factor for OA ( joint injury) are in danger of acquiring a second known risk factor (obesity) that is likely to exacerbate with age.
Myer et al 22 explored the yearly increase in adiposity following injury in young female soccer and basketball players and observed a mean 0.8% difference in percent FM between injured and uninjured groups. However, it is likely that changes in both lean body mass and fat mass will take place in this unstable period of rest and rehabilitation following injury. Longitudinal observation of the current cohort will clarify whether the observed difference in percent FM of 2.3% at 3 to 10 years postinjury will continue along a similar trajectory with increasing age. Additionally, independent tracking of FMI and lean mass index will elucidate which body composition is changing, and the magnitude of that change.
Increasingly recognized as an important risk factor for disease, regional body fat distribution was also considered in the present study. Metabolically distinct from subcutaneous fat, site-specific intra-abdominal (visceral) fat secretes several proinflammatory hormones and cytokines, increasing the risk of cardiovascular disease by promoting insulin resistance and low-level chronic inflammation. 11 As a surrogate measure of visceral fat, DXA-measured abdominal fat was observed to be 461 g (95% CI: 228, 694) higher in the previously injured group. In addition, those with a previous injury were 5.7 times (95% CI: 2.0, 16.4) more likely to be in the highest quartile for abdominal fat. Although research is limited to date, higher abdominal fat
DISCUSSION
T he results of this study suggest that young adults who sustain an intra-articular knee injury playing sport are more likely to have higher total and abdominal adiposity and lower aerobic fitness up to 10 years after injury, in comparison to matched noninjured controls. Further, the results of this study suggest that higher adiposity present in previously injured youths has the potential of being modified by physical activity participation and aerobic fitness.
Total adiposity was examined using a variety of measures, all of which demonstrated higher adiposity in youths who had sustained a previous knee injury. Fat mass index was considered in addition to BMI and percent FM, because it is not confounded by the presence of lean body mass in an individual, thus giving a more accurate representation of between-group differences in adiposity. The observed 1-kg/m 2 FMI difference in the previously injured group may induce negative health consequences related to obesity, with increased risk for chronic disease in adulthood. The development of obesity markers in adolescence and young adulthood is consistently related to subsequent high adiposity in later adulthood, 7, 14 when it is associated with an increased risk of morbidity and mortality. 24 Of particular concern for this cohort of young adults with previous joint trauma is the onset of posttraumatic OA within 12 to 20 years. 26 In fact, features of magnetic resonance imaging-defined OA have been identified in young adults as early as 1 year after an ACL reconstruction, 5 with clinical symptomology identified 3 to 10 years after injury 31 compared to uninjured controls. The presence of higher adiposity in this cohort is a concern, given the known relationship between excess adiposity and risk of knee OA that arises through a combination of mechanical and systemic mechanisms. 30 The increased loading imparted by obesity has been shown to increase risk of incident OA and progression of the dis-activity following a knee joint injury to negate FM gains. Increased adiposity has negative implications for the health of the individual and may compound the risk of OA development in the affected joint. CAUTION: Due to the cross-sectional nature of this analysis, whether injured participants had higher FM before or at the time of injury is not known. 
CONCLUSION
T
hese findings indicate that inferior markers of obesity and health may be present during the transition to young adulthood in this cohort of youths who sustained a previous traumatic intra-articular knee injury, compared to matched controls. Results suggest that previously injured participants have greater odds of higher total and abdominal adiposity, lower physical activity participation, and poorer aerobic fitness compared to uninjured controls. This finding is concerning, given that history of intra-articular knee injury, combined with an excess of adipose-derived inflammatory mediators, may accelerate the risk of knee OA progression. Characterizing posttraumatic OA in its earliest stages is crucial to inform a greater understanding of the disease process and the development and evaluation of potential disease-modifying treatments and rehabilitation strategies.
3 These findings may be used to inform prevention programs, with the goal of targeting the modifiable risk factors for OA to permit earlier intervention and disease-course modification. t
KEY POINTS
FINDINGS: Compared to matched controls, youths and young adults with a 3-to 10-year history of a sport-related traumatic knee joint injury have greater odds of having higher FM, lower physical activity participation, and lower cardiorespiratory fitness. IMPLICATIONS: Greater attention should be focused on return to sport and respiratory fitness, as demonstrated by the poorer shuttle run performance of injured participants in this study and the significant association between moderate to strenuous physical activity and estimated VO 2 max. Due to the limitations of employing self-reported physical activity methods, multivariable regression analysis was also carried out using VO 2 max as a covariate, confirming the association that was observed with physical activity. Having a previous injury, being female, and having low physical activity or low aerobic fitness are each associated with higher FMI. These findings indicate a decline in health behaviors and health status during an important transition to young adulthood, when the engagement of adolescents in physical activity and sport should be a fundamental goal of obesity and disease prevention. 17 Targeting increased physical activity and fitness in injured youths may attenuate this pathway toward OA by reducing adiposity and inflammatory markers. However, prospective research is required in this population to determine the influence on disease.
This study is limited by having no information on outcomes prior to injury; therefore, causation cannot be inferred. Additionally, the subjective recall methods used to collect physical activity data might have led to recall measurement bias; however, this is not expected to differ by study group. Measurement of estimated VO 2 max in youths with a history of knee injury using the 20-meter shuttle run test may be confounded by residual knee symptoms during the direction-change task, and is therefore a limitation of the study. However, the change in pain from pretesting to posttesting was accounted for and did not influence the results. Due to a lack of normative data to define healthy body composition, percentiles were calculated from within the current sample of previously injured and uninjured youths. This is considered appropriate, given the matched-pair analysis, but is a limitation in the determination of clinically mean-
